OBJECTIVE. This retrospective study explored sensory processing characteristics in preschool-age children with autism spectrum disorders (ASD); the relationships between sensory processing and problem behavior, adaptive behavior, and cognitive function; and the differences in sensory processing between two subgroups (autism and pervasive developmental disorder-not otherwise specified). RESULTS. Most of the children with ASD had sensory processing challenges, and a significant relationship was found between SSP total scores and problem behavior scores; however, no significant relationships were found between SSP total scores and adaptive behavior and cognitive functioning. Although all the children had low Vineland scores, approximately one-quarter of the children had typical SSP scores. No significant differences in SSP scores were found between the subgroups.
. For example, "over-responsivity behaviors such as resistance to touch and sensitivity to noise may limit the child's participation above and beyond his/her core social deficits" (Ben-Sasson et al., 2008, p. 823) .
Although not specific to ASD, limited participation in sensory experiences significantly hinders a child's active exploration of the environment. Children may have difficulties performing ADLs and engaging with others because of atypical sensory responses. Moreover, behavioral and emotional problems have been associated with sensory processing differences (Baker, Lane, Angley, & Young, 2008) , and sensory symptoms have been significantly related to stereotyped interests and repetitive behaviors in ASD (Chen, Rodgers, & McConachie, 2009; Rogers, Hepburn, & Wehner, 2003; Wiggins, Robins, Bakeman, & Adamson, 2009) .
Occupational therapists use several methods to gather information about a child's sensory history and sensory characteristics, including parent interviews, clinical observations, and questionnaires. One questionnaire is the Sensory Profile (Dunn, 1999) , a standardized parentreport measure. Using the Sensory Profile, many studies have documented significant differences in the way children with ASD respond to sensory experiences compared with typically developing peers. Dunn, Myles, and Orr (2002) compared Sensory Profile scores between children aged 8-14 yr with Asperger syndrome and children without disabilities. Children with Asperger syndrome had lower scores than children without disabilities in auditory processing and modulation factors related to hyporesponsiveness and hyperresponsiveness, suggesting difficulty responding appropriately to stimuli and regulating emotional responses.
In another study, researchers found that 85% of the Sensory Profile items differentiated children with ASD from typically developing children (Kientz & Dunn, 1997) . Differences were evident in the way children with ASD responded to touch and auditory input. Children with ASD also scored differently from typically developing peers on 17 of 20 emotional-social items, such as "poor frustration tolerance" and "needs more protection from life than other children. " Watling, Deitz, and White (2001) found that 85% of young children with ASD aged 3-6 yr scored lower than children without autism on at least one of the following Sensory Profile factors: Sensory Seeking, Emotionally Reactive, Low Endurance/ Tone, Oral Sensitivity, Inattention/Distractibility, Poor Registration, Fine Motor/Perceptual, and Other.
Additionally, many studies have focused on sensory responsivity in children with ASD. In a meta-analysis of 14 studies (Ben-Sasson et al., 2009 ), the differences between ASD groups and typically developing groups were more pronounced for underresponsivity. This finding is similar to that of Schoen, Miller, Brett-Green, and Nielsen (2009) , who reported that children with ASD aged 5-15 yr were less reactive to sensory stimuli than typically developing peers. Similarly, Baker et al. (2008) reported that children with autism aged 2-9 yr scored more than 2 standard deviations (SDs) below the mean on the Short Sensory Profile (SSP; domain of Underresponsive/Seeks Sensation.
Researchers have recently become interested in the relationship between sensory processing and both problem and adaptive behaviors ( Jasmin et al., 2009; Liss, Saulnier, Fein, & Kinsbourne, 2006; Rogers et al., 2003; Wiggins et al., 2009) . In a study of young children aged 17-45 mo, Wiggins and colleagues (2009) reported a significant correlation between the SSP and the Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, DiLavore, & Risi, 1999) stereotyped interest and behavior score, but not the ADOS social and communication score. Similarly, Rogers and colleagues (2003) reported that sensory processing scores as measured by the SSP were significantly correlated with the ADOS repetitive and restricted behavior score, but not the ADOS social and communication score in children with autism (n 5 26). They also found that sensory responsivity was more strongly associated with levels of adaptive behavior than with severity of autism symptoms.
Commonly used measures of problem or aberrant behavior and adaptive behavior are the Aberrant Behavior Checklist-Community (ABC-C; Aman & Singh, 1994) and the Vineland Adaptive Behavior Scales (VABS; Sparrow, Balla, & Cicchetti, 1984) , respectively. Using the ABC-C, Green, O'Reilly, Itchon, and Sigafoos (2005) reported that many aberrant behaviors were persistent and highly prevalent in their study of preschool children with developmental disabilities. Using the VABS, Jasmin and colleagues (2009) explored the relationship between sensory processing and daily living skills in children with autistic disorder aged 3-4 yr. Findings indicated that sensory avoiding was significantly correlated with daily living skills.
In summary, the literature suggests that a high prevalence of children with ASD have sensory processing differences and that these differences are associated with deficits involving problem behavior and adaptive behavior. Because sensory processing differences can affect participation in childhood occupations, along with problem and adaptive behaviors, these areas are relevant topics of research in occupational therapy. Additionally, as research continues to delineate symptoms among ASD subgroups (e.g., autism, PDD-NOS), the sensory processing characteristics of ASD subgroups should be considered.
Purposes of the Study
The purposes of this retrospective study of children with ASD aged 3 through 4 yr were to describe their sensory processing characteristics, problem behavior, adaptive behavior, and cognitive functioning; to examine the relationships between the scores of these children on the SSP and on measures of problem behavior, adaptive behavior, and cognitive functioning; to compare levels of sensory processing to levels of adaptive behavior; and to explore the sensory processing differences between two subgroups of these children. Group 1 was children with autism, and Group 2 was children with PDD-NOS. Measures of sensory processing, problem behavior, and adaptive behavior were based on parent report.
Method

Research Design
In this retrospective study, we used data from a subgroup of participants in a larger Early Development Study at the University of Washington (UW) Autism Center. The larger study was funded by the National Institute of Child Health and Human Development. We described and compared the data related to sensory processing, problem behavior, adaptive behavior, and cognitive ability. This study was approved by the UW Human Subjects Review Board.
Participants
Participants for the UW Early Development Study were recruited from local parent advocacy groups, public schools, the Division of Developmental Disabilities, clinics, hospitals, and the UW Infant and Child Subject Pool. For the subgroup of participants in the current study, inclusion criteria consisted of having a diagnosis of ASD; having a complete SSP at 3 or 4 yr of age; and not having a diagnosis of Rett syndrome or Fragile X syndrome or a concomitant diagnosis of cerebral palsy, Down syndrome, deafness, or significant prematurity (28 wk gestation or less).
Diagnosis
Diagnostic clinicians at the UW Autism Center Research Program evaluated each participant. The clinicians, who included doctoral-level clinical psychologists and qualified graduate students in clinical psychology, administered two assessments to evaluate the symptoms of autistic disorder as defined in the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; APA, 1994). Symptoms include qualitative impairments in communication and social interaction and the presence of restricted behavioral patterns and interests. The clinicians administered the Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994) to parents and the Autism Diagnostic Observation Schedule-Generic (ADOS-G; Lord et al., 2000) to the child participants. In addition, clinical judgment was part of the diagnostic process to identify the presence or absence of autism symptoms in the DSM-IV. The autism diagnosis was defined as meeting criteria for autistic disorder on both the ADOS-G and ADI-R, along with meeting DSM-IV criteria for autistic disorder on the basis of clinical judgment. If a participant scored within 2 points of meeting ADI-R criteria and met DSM-IV and ADOS-G criteria, the participant was also given the diagnosis of autistic disorder. A diagnosis of PDD-NOS was made when participants qualified for PDD-NOS on the ADOS-G, met criteria for autistic disorder on the ADI-R or missed qualifying on the ADI-R by 2 or fewer points, and at least met the DSM-IV criteria for PDD-NOS on the basis of clinical judgment.
Instruments
The SSP is a standardized parent questionnaire developed as a screening instrument to identify children with sensory processing difficulties and associated behaviors. The SSP differs from the complete Sensory Profile Caregiver Questionnaire (125 items) in that it consists only of items related to sensory events. Behaviors, such as socialemotional and fine motor abilities, are excluded. A Likert scale ranging from 1 to 5 is used to score 38 SSP items; a score of 1 is given for behaviors "always" occurring, and a score of 5 is given for behaviors "never" occurring. The raw scores are used to produce seven section scores for Tactile Sensitivity, Taste/Smell Sensitivity, Movement Sensitivity, Underresponsive/Seeks Sensation, Auditory Filtering, Low Energy/Weak, and Visual/Auditory Sensitivity. The total score ranges from 38 to 190, with cutoff points available for classification categories (typical performance 5 raw scores ³155; probable difference [21 to 22 SDs] 5 raw scores of 142-154; definite difference [>2 SDs below the mean] 5 raw scores £141).
The most reliable score is the SSP total score. Internal reliabilities for the SSP, calculated using Cronbach's alphas, ranged from .70 to .90; internal validity was measured by looking at the intercorrelations of the SSP total and section scores, and correlations were in the low to moderate range (.25-.76; Dunn, 1999) . Construct validity was examined by comparing SSP scores with physiological response data (i.e., electrodermal response [EDR] ). Using the Sensory Challenge Protocol, a procedure used to measure an individual's response to 50 sensory stimuli, Miller et al. (1999) recorded the electrodermal activity of 15 children and found that children with abnormal EDR had lower SSP scores on all sections than children with EDR in the normal range (p £ .05), thus supporting the construct validity of the SSP.
The ABC-C is a 58-item measure of maladaptive or problem behaviors known to occur in people with moderate to profound mental retardation. Although the ABC-C was designed for children aged 6-18 yr, it has been used by researchers (Green et al., 2005) to examine problem behaviors in children aged 35-55 mo with developmental delays. Each item is scored on a scale of 0-3 (0 5 not at all a problem and 3 5 problem is severe in degree); higher ABC-C scores indicate more severe behaviors. Summed total scores range from 0 to 174. The scale includes five factors: (1) Irritability, Agitation, Crying; (2) Lethargy, Social Withdrawal; (3) Stereotypic Behavior; (4) Hyperactivity, Noncompliance; and (5) Inappropriate Speech. Green et al. (2005) reported that the ABC-C items are nearly identical to the original Aberrant Behavior Checklist (ABC; Aman & Singh, 1986) items, but the Community version relates to naturalistic settings instead of residential institutions, making it appropriate for rating the severity of behaviors in preschool-age children living in the community. Neither the manual for the ABC (Aman & Singh, 1986) nor the supplemental manual for the ABC-C (Aman & Singh, 1994) discusses the reliability or validity for this age group. However, in a study of preschool-age children with developmental delays (mean age 5 51 mo), Sigafoos, Pittendreigh, and Pennell (1997) identified the ABC as a reliable instrument for assessing challenging behaviors in young children.
The VABS measures four domains of adaptive behavior-Communication, Daily Living Skills, Socialization, and Motor Skills-yielding scores for each of the domains and a Vineland Adaptive Behavior Composite score (V-ABC). Consisting of 297 items, the VABS Survey Form is a caregiver interview applicable for children and youth from birth to 18 yr, 11 mo. The standardization sample included approximately 3,000 children and youth in various types of educational programs (e.g., regular classroom, speech impaired program, learning disabled program). When readministered 2 to 4 wk later to children 3 yr to 4 yr, 11 mo (n 5 74), the test-retest reliability coefficient for the V-ABC score was .89 (Sparrow et al., 1984) . The manual reports VABS criterion-related validity using correlations between VABS scores, scores from other adaptive behavior scales, and measures of intelligence (Sparrow et al., 1984) .
The Mullen Scales of Early Learning: AGS Edition (Mullen, 1995) is an individually administered, standardized measure of cognitive functioning in young children. The Early Learning Composite (ELC) is calculated using scores from four cognitive scales: Visual Reception, Receptive Language, Expressive Language, and Fine Motor. The ELC is derived from the T scores for the four cognitive scales. The median internal reliability of the ELC is high, at .91, using Guilford's formula to compute the coefficients (Mullen, 1995) . For children aged 25-44 mo, interscorer reliabilities on the Mullen scales ranged from .98 to .99 using the intraclass correlation coefficient (K. Allen, personal communication, August 1, 2011). Concurrent validity was established with the Bayley Scales of Infant Development (Bayley, 1969) . The ELC correlated highly (r 5 .70) with the Bayley Mental Development Index (K. Allen, personal communication, August 1, 2011).
Data Analyses
Data analyses were completed using SPSS 14.0 (SPSS, Inc., Chicago). Descriptive statistics were used to describe children's scores on measures of sensory processing, problem behavior, adaptive behavior, and cognition, and frequency counts were used to compare SSP category scores to categories of V-ABC scores. Descriptive statistics also were used to determine whether score distributions met the assumptions for the use of parametric statistics. Because the scores generally were not normally distributed, nonparametric statistics were used.
Spearman rank-order correlation coefficients were used to examine relationships between scores on the SSP and the other three measures. To explore the sensory processing differences between the two subgroups of children with ASD (autism and PDD-NOS), we used the Mann-Whitney U statistic. Results having a probability value of p < .05 (two-tailed) were considered statistically significant. Consequently, the possibility of a Type 1 error was increased for analyses involving multiple comparisons; therefore, the findings should be interpreted with caution and regarded as exploratory. Last, for exploratory purposes, we determined percentages of children in each of three SSP classification categories-typical, probable difference, and definite difference-both for the ASD group as a whole and for the autism and PDD-NOS subgroups.
Results
Description of Sample
Forty-two of the 75 children with ASD in the University of Washington Autism Center Early Development Study met inclusion criteria for the current study. Of the 42 children with ASD, 28 had a diagnosis of autism and 14 had a diagnosis of PDD-NOS. The mothers' ages ranged from 19 to 42 yr (median 5 32 yr) at the time of birth, and the length of pregnancy ranged from 31 to 44 wk (median 5 39.5 wk). Forty-one of the children with ASD had birth weights greater than 5 lb, 8 oz. The birth weights of the children ranged from 4 lb, 12 oz, to 11 lb, 8 oz (median 5 8 lb, 4 oz). At the time of administration of the SSP and ABC-C, the children's ages ranged from 36 mo to 59 mo (median 5 45.5 mo).
Findings
First, we examined scores on multiple measures for the whole group of 42 children with ASD. Descriptive statistics for the SSP total scores were as follows: Mean 5 140.1, median 5 140.5, low/high 5 90/174, and SD 5 20.2, indicating that more than half of the children had scores in the definite difference range (£141). Table 1 displays descriptive statistics and the relationships between SSP total scores and problem behavior, adaptive behavior, and IQ. With the exception of the ABC-C, higher scores relate to better performance on the measures. Higher levels of sensory processing difficulties were consistently associated with higher levels of behavior challenges across the categories of behavior problems. Although higher levels of sensory processing difficulties tended to be mildly associated with lower levels of adaptive behavior (r s 5 .30), the relationship was not significant. Differences in sensory processing were not associated with level of cognitive ability. Children with fewer sensory challenges did not tend to have higher cognitive ability.
Next, we examined the relationship between degree of sensory processing difference and level of adaptive behavior to see the extent to which children scored either low on both measures (e.g., low on the SSP and low on the V-ABC) or high on one measure and low on the other (e.g., typical on the SSP and low on the V-ABC). Table 2 shows the number of children with no, probable, and definite sensory processing impairment according to their level of adaptive behavior. For 3 of the 42 children in the ASD group, the VABS was not complete. Of the 39 children with complete V-ABC scores, all had scores more than 1 SD below the mean, indicating a limited score range that reflected consistent deficits in adaptive behavior. Although a majority of children had SSP scores indicative of probable or definite sensory differences, 26% had SSP scores in the typical performance range.
In Table 3 , the SSP total score and each of the seven section scores for the children with autism are compared with scores for the children with PDD-NOS. Higher scores on the SSP indicate fewer sensory processing challenges. Although the PDD-NOS group median scores for total score and four of seven section scores were slightly higher than those for the autism group, no significant differences on SSP total or section scores between the autism and PDD-NOS groups were found.
Last, Table 4 reports the percentage of children who scored in each SSP category (typical, probable difference, definite difference) for each of the seven SSP section scores and the SSP total score. Relative to the group as a whole, 35 (83%) of the 42 children with ASD had one or more section scores in the definite difference range. For the total score and each of the section scores, a higher percentage of children in the PDD-NOS group than in the autism group had scores in the typical range. 
Discussion
According to parent reports, a majority of the preschool children aged 3 through 4 yr with ASD in our sample had sensory processing challenges, and we found a significant relationship (p < .001, two-tailed) between degree of sensory processing impairment and level of problem behavior as indicated by the ABC-C total score. This finding held true across different types of behavior challenge, including irritability, lethargy, stereotypic behavior, hyperactivity, and inappropriate speech. Lane, Young, Baker, and Angley (2010) reported similar findings and found a strong predictive association between sensory processing dysfunction and problem or maladaptive behaviors.
All of the children with ASD had challenges in adaptive behavior. When V-ABC scores were correlated with SSP total scores, however, the relationship was weak (r 5 .30, p 5 .06). This result partially reflects the limited score range for the V-ABC for this sample (SD 5 9.9), which was expected given that all of the children scored more than 1 SD below the mean.
From a clinical perspective, the most relevant data are reported in Table 2 , which shows that 26% of children Note. Because of rounding error, not all percentages add up to 100. ASD 5 autism spectrum disorder; PDD-NOS 5 pervasive developmental disordernot otherwise specified; SSP 5 Short Sensory Profile.
whose level of adaptive behavior was >1 SD below the mean did not have sensory processing differences. This finding suggests that a subgroup of children with ASD and adaptive behavior challenges do not have sensory processing challenges as reported by parents. Even so, the majority of the children in the study did have sensory processing differences, and this finding is consistent with other studies (Lane et al., 2010; Wiggins et al., 2009) . Also, the finding of a high prevalence of adaptive behavior challenges in this group is consistent with the work of Baker et al. (2008) .
Results related to cognitive function indicate that the children studied had highly variable scores that ranged from >2 SDs below the mean to above the mean and that their level of sensory impairments was not correlated with level of cognitive ability. This result suggests that cognitive functioning is not predictive of sensory processing difficulties as reported by parents and vice versa.
When we explored differences in SSP scores between the two subgroups of children (autism and PDD-NOS), although scores for the PDD-NOS group tended to be higher, we found no significant differences for SSP total scores or for the seven section scores. However, as can be seen in Table 4 , for the SSP total score and for all seven section scores, a higher percentage of children in the PDD-NOS group scored in the typical range. Although this finding suggests a trend, because of the small sample size, these results are inconclusive and further study is merited.
Limitations and Strengths
The study has two primary limitations. First, we performed numerous analyses on small samples. Because the probability value was set at p < .05, the possibility of a Type 1 error was increased for analyses involving multiple comparisons. The second issue was that information is limited regarding the reliability and validity of the ABC-C when used with preschool-age children.
The main strength of this study was that consistent diagnostic criteria were used. Unlike many studies in the literature, for our study the children completed comprehensive diagnostic evaluations.
Future Research
Recommendations for future research include replicating this study with a larger sample. Additionally, the validity of future research may be enhanced by using a wider range of assessments, including observational measures of behavior across different contexts, parent reports, and electrodermal response measures.
Implications for Occupational Therapy Practice
The findings of this study suggest that occupational therapists have an important role in the interdisciplinary team process of evaluating preschool children with ASD.
• Because a majority of the children in the study presented with sensory processing differences and a significant relationship was found between levels of sensory processing and problem behaviors, it is important that a comprehensive evaluation include a focus on identifying a child's sensory processing characteristics and a consideration of how these characteristics might influence a child's behavior.
• The findings related to the heterogeneity of the children with ASD in this study and the existence of a subgroup of children with ASD who have typical sensory processing highlight the importance of comprehensive evaluations focused on identifying a child's strengths and challenges to inform intervention. s
